common impairment after stroke 7 , affecting between 10% to 78% of post-stroke patients 8 . Data presented by Kotila et al. 9 showed that more than half of the post-stroke patients suffered from depression, and despite symptoms persisting for a year, many depressed patients did not seek out appropriate treatment. It is critical, therefore, that post-stroke depression should be diagnosed as quickly as possible, to avoid greater losses in other spheres of the patient's life, such as negative consequences to social and family relationships 10 .
A study by Carod-Artal et al.
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, drawing on data from 260 patients, showed that depression and physical disabilities were consistent contributors to the worsening of quality of life in post-stroke patients. However, studies have been inconclusive, due to different results presented in the literature 12 .
Physical activity could improve post-stroke quality of life by reducing the chances of hypertension, diabetes mellitus and body weight, which are some of the greatest risk factors for stroke 13 . Furthermore, exercise has been shown to improve motor function 14 and potentially reduce depressive symptoms 15 . Health professionals could benefit from a better understanding of how the interaction between physical activity, depressive symptoms, and post-stroke quality of life works, before they plan a physical exercise program, as there is still a gap in the understanding of the relationship between motor skills and depressive symptoms. Furthermore, motor ability and depressive symptoms may have a strong correlation, and pharmacological treatment of depression could improve motor rehabilitation 16 . In this context, the present study aimed to identify the relationship between motor skills and depressive symptoms in post-ischemic stroke patients.
METHODS

Participants
We evaluated 135 adult patients of both sexes, diagnosed with single, unilateral, ischemic stroke of the anterior circulation vessels, confirmed by magnetic resonance imaging. All participants signed the free and informed consent form approved by the Research Ethics Committee of Unicamp (approval number CAAE: 0321.0.146.000-11). Patients with a history of more than a single stroke event, hemorrhagic stroke, ischemic stroke with hemorrhagic transformation, and posterior circulation ischemic stroke were excluded. All participants were treated at the Neurovascular Program, UNICAMP's Clinics Hospital, in Campinas, Brazil.
Instruments
Three questionnaires were applied to the participants: 1) Structured identification questionnaire: information about age, sex, laterality, physical activity, associated diseases and lifestyle habits (smoking, drinking, and use of other drugs). Regarding habits, the questions covered two life periods, exploring whether a particular habit was currently present in the participant's life, including after the stroke, or if it was a habit only in the past (prior to ischemic stroke).
2) Fugl-Meyer Motor Scale (FMMS): specific to the evaluation of motor skills in stroke patients, internationally validated with reliability in Brazil
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. The FMMS protocol evaluates the patient's motor impairment in three functions: motor impairment of the upper limbs, the lower limbs, and balance. These dimensions are organized on an ordinal scale from 0 to 2, where 0 corresponds to no performance and 2 indicates proper performance. Thus, the higher the score, the higher the patient's motor skills 18 .
3) Beck's Depression Inventory (BDI): assessment of depressive symptoms through 21 questions about everyday situations related to depression. Responses vary in intensity from 0 to 3, where 0 indicates a low-intensity of symptoms and 3 indicates a high-intensity of symptoms. The score classification is: a score of less than 10 indicates few or no depressive symptoms; between 10 and 18, minimum to moderate depressive symptoms; between 19 and 29 moderate to severe depressive symptoms; between 30 and 63, severe depressive symptoms 19 . The BDI is validated for Brazilian Portuguese 20, 21 .
Procedure
Participants attended the Neuroimaging Laboratory at UNICAMP at a previously-scheduled date and time, in order to collect research data for this study. After receiving a briefing of the study and signing the informed consent form, patients answered the questionnaire, FMMS, and BDI in the presence of responsible researchers. Each patient's assessment lasted approximately 50 minutes. Conditions were similar for all subjects.
Statistics
Continuous variables were expressed as median and interquartile range (non-normal distribution), or mean and standard deviation (normal distribution). Categorical variables were expressed as percentages and absolute values. In order to verify the association of depressive symptoms and motor skills, Spearman's correlation coefficient was used.
All statistical results with a p value < 0.05 were considered to be statistically significant. All statistical analyses were performed using Minitab ® 16 software (Minitab Inc. State College, Pa).
RESULTS
Altogether, 135 subjects were evaluated (80 men; mean age, 60 ± 15 years; time post-stroke 16.66 ± 29.66 months). Regarding laterality, 93.99% (n = 126) were right-handed. Of the total, 26.67% (n = 36) had a history of participating in physical activities. History of smoking and alcohol use was 62.70% (n = 79) and 68.75% (n = 77), respectively. High blood pressure was the most common associated disease (n = 91, 67.41%). Of the total patients, 2.9% (n = 4) had depression. All patients' demographic and clinical characteristics are shown in Table 1 .
Regarding motor ability, Table 2 shows the values for each domain, which include upper limbs, lower limbs, balance, sensitivity, the sum of upper and lower limbs, and total motor skill score. Furthermore, the last column shows the percentage achieved for each domain, where the higher the percentage, the lower the impairment. Balance had the lowest percentage (71%).
Depressive symptoms (Table 3) are categorized by intensity. Most patients presented with minimal symptoms (n = 77, 57.03%), followed by mild symptoms (n = 47, 34.81%), moderate symptoms (n = 9, 6.66%), and severe symptoms (n = 2, 1.48%).
Regarding correlations, through our analysis we found a weak negative correlation between depressive symptoms and all categories of motor skills. In other words, patients with higher motor skills exhibited a reduced intensity of depressive symptoms. Table 4 shows the values of Spearman's correlation coefficient in accordance with the Total (mean ± SD) 9.93 (± 7.14)
Depressive symptoms and distribution of symptom intensity in the sample according to the Beck Depression Inventory.
correlation shown for each component of motor skills and depressive symptoms. Moreover, further correlations between motor ability, depressive symptoms, age and time after stroke were made. Time after stroke and age had very weak correlations with both motor skills and depressive symptoms. Balance had a weak correlation.
DISCUSSION
This study aimed to evaluate the relationship between motor skills and depressive symptoms in post-ischemic stroke patients. This study found a negative correlation between those variables. Results showed that patients with better motor skills exhibited fewer depressive symptoms, suggesting a possible interference of psychological aspects in motor performance, indicating a complex interaction between these aspects.
Regarding motor skills, a study by Wood-Dauphinee et al.
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showed an FMMS score of 24.21 (± 23.70) for upper limbs and 15.65 (± 11.20) for lower limbs in 167 patients with acute ischemic stroke. Our patients showed a higher average of 56.30 (± 16.36) and 29.02 (± 8.35) for upper and lower limbs, respectively. On a 0-100 scale (upper and lower limbs), our participants had a mean score of 85.33 (± 23.87). Oliveira et al. 23 observed a mean score of 53.35 (± 28.44) in 20 patients after applying the same motor scale. However, there were no data regarding the type of stroke analyzed in their study, which may have contributed to the difference between the reported results. Similar to our results, a study by Hsieh et al. 24 showed an average of 52.8 (± 34.5) for 169 patients, using the same instrument. Those differences could be justified by the periods of post-stroke testing: our study averaged 11.66 months after stroke, whereas Hsieh's study averaged 14 days after stroke.
Balance was the most-affected aspect. Our study showed a score of 10.97 (± 3.72), representing 71% of the maximum (14 points). Oliveira et al. 23 found similar results, with balance rates of 10.8 (± 1.24) in 20 patients of both sexes. The study by Hsieh et al. 24 showed an average of 6.4 (± 4.5) 14 days after the stroke event, using the same instrument. Furthermore, our results showed a weak correlation between age and balance, indicating a worse balance in older patients post-stroke. We can hypothesize that balance may be associated with other post-stroke outcomes, as only balance had percentages below 80% of the maximum.
Regarding psychological aspects, Terroni et al. 25 showed that post-stroke patients had a prevalence of depression between 23% and 60%. Aben et al. 8 showed a variation between 10% and 78%. Fernandes 10 explained that such variation was influenced by location and date of where the assessment was held; type of care; study characteristics; criteria under evaluation; and instruments. According to our results, 57.03% of the patients had minimal symptoms, 34.81% had mild symptoms, 6.66% had moderate symptoms, and 1.48% had severe symptoms, which is in accordance with previous studies.
We highlight that depression may have negative effects during the recovery period, impairing rehabilitation 26 . Preventive measures against depressive symptoms, in association with motor rehabilitation, may improve cognitive aspects 27 and positively impact quality of life 11 . It is important to note that the literature is not conclusive regarding the relationship between depressive symptoms and motor skills. A study by Weaver et al.
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, with 118 patients, found no relationship between motor skills of the upper limbs and depressive symptoms, contrasting with the results presented in this study, where an inverse relationship was measured between depressive symptoms and all aspects of general motor skills.
Our results were consistent in identifying a correlation measured between the variables analyzed, even for a group in which 91.84% of the patients had minimal to mild depressive symptoms. It is worth mentioning that our study showed a negative correlation between depressive symptoms and all components of motor skills.
These results corroborate Herrmann's et al.
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, who found a correlation between major depressive symptoms and lower motor skills performance, also showing an inverse relationship between depressive symptoms and motor skills. In our study, motor skills were directly related to functional performance, as the protocol we used assessed the patient's ability to perform movements. In addition to our study, other researchers 9, 29 have also obtained a negative association between the studied variables. Despite a weak correlation, our work reaffirmed findings from major sources in the literature, associating both aspects post-stroke. Thus, our findings contribute to existing knowledge about stroke disease, which continues to be a considerable life event, affecting millions of people worldwide. Additionally, this study showed that depressive symptoms were related to motor skills in their different components (upper and lower limbs, and balance) in a single group of patients.
In this way, the results demonstrated the importance of analyzing all components of motor skills, as they are related to depressive symptoms differently, to enable the development of specific programs geared to the individualized needs of patients.
Regarding limitations and future directions, there are a few considerations to make. First, we did not measure the presence of small vessel diseases, or white-matter hyperintensities signals in MRI scans, both of which could contribute to confounding the results. Second, in conducting this study, we considered a high heterogeneity in motor and mood aspects. Our sample comprised diverse patients with a considerable range of depressive symptoms: 77 (57%) with minimal symptoms and 11 (8%) with severe symptoms; and, regarding motor skills, they had a wide range of impairment levels (mean of 118.19 and standard deviation of ± 30.45). Further studies should consider separate analyses of different levels of impairment, and increase the number of participants. Third, it is known that patients with pre-stroke depression are more likely to develop post-stroke depression 30 . This predictor deserves special attention, as do the possible effects of medication, for data analysis in future studies. Fourth, we suggest following up on patients in order to better understand at least two aspects: variation in motor and depressive symptoms over time, and variation in the correlation between motor skills and depressive symptoms. Fifth, future studies should consider different aspects that could influence both motor skills and mood alterations, such as particular cognitive aspects and neurologic state, so that supplementary correlations can be made. Sixth, supplementary analyses could be carried out, to check if those correlations remain in acute and chronic phases, in post-stroke patients.
Finally, we would emphasize that one of the most effective intervention strategies is improving the development of all professionals involved in the health and care systems, in order to prevent harm and support the patients' rehabilitation. This is necessary to more clearly identify physical and psychological factors that can contribute to a better prognosis for those patients.
In conclusion, this study identified a weak negative relationship between motor skills and depressive symptoms in postischemic stroke patients. Patients with more intense depressive symptoms exhibit greater dysfunctions in motor skills.
Identifying this relationship could be important. Our results highlighted the relevance of providing health professionals with information to contribute more effectively to treatments and, consequently, improve quality of life for stroke patients.
Through our analysis we conclude that depressive symptoms, as well as age, may impact motor skills. Consequently, we emphasize that a physical exercise program in poststroke patients may improve their quality of life and reduce mood disorders.
